Abstract-In this paper, we present an improved proof of global asymptotic stability of constrained robotic systems under model uncertainties. The control objective is to make the robotic manipulator's end effector to track the reference trajectories in the task space. The proposed approach is an enough straightforward method without force and position control separation. It's based on the Lyapunov Hamiltonian method and the stiffness control strategy. The robustness of the suggested robust controller is proved via simulation results.
INTRODUCTION
In recent years, robust tracking control of constrained robotic manipulators is considered as one of the main important issues in robotic field [1, 2] . Many solutions are proposed in the literature where various types of uncertainties are considered. Uncertainties include environment model [3, 4] , robotic model [5, 6] and both environment and robotic models [7] .
In this paper, the imperfect deletion of the dynamic uncertainties is dealt with. Several techniques related to adaptive control [8, 9, 10] , robust control [11, 12] and sliding mode control [5, 11, 13] have been proposed to deal with these uncertainties.
In this paper, we attempt to extend our previous recent results on stiffness control of constrained robots [15] to the robust case. Therefore, we propose a robust stiffness controller where uncertainties affect the inertia matrix and the vector of centrifugal and Coriolis forces.
The proposed approach is enough straightforward without force and position control separation. Furthermore, it gives a solution in the task space using a Lyapunov Hamiltonian approach.
The paper is organized as follows: In the following section the problem position is presented. The robust control design and the global stability proof are proposed in the third section. The application of the tracking control approach to a constrained robotic manipulator is finally given the forth section.
II. PROBEM POSITION
Consider a constrained robotic manipulator with n degrees of freedom described by its dynamical and forward kinematic models, defined respectively by: 
A 5: All feedback gain matrices, used to solve the control problem are diagonal. In the following, adopt the following notations:
III. ROBUST CONTROL DESIGN

A. Theorem
The constrained robotic system described by the uncertain dynamical model:
is asymptotically stable for the contact force model [15] :
where
is the environment stiffness under the robust control law described by:
where σ is a nonlinear function defined by:
for the constant vector , if there exist diagonal gain matrices
satisfying the following conditions:
B. Stability Analysis
Consider the uncertain robotic system (5) for the force model (6) and the control law (7), we can write: (10) and let
the error vectors defined in the joint and task space. We can write for the relation (10) : (11) Following the same developments presented in [15] and for a kinetic energy defined by:
we can prove that:
Impose now, to the system (11) to have a Lyapunov Hamiltonian function defined by:
By deriving the same developments presented in [15] or [16] , the first condition is proved since: 
From (12) et (13) we can write:
Based on the relation (14) we can write: Using the last two relations we can write: From (11) we can write: 
Using the kinematic model for the error dynamics, the last equation gives:
and then the third Lyapunov condition is verified if v K and k positive defined, respectively.
IV. APPLICATION
A. The Constrained robot model
Consider the 3DOF constrained robotic manipulator modeled by the dynamical model (1), the kinematic model (2) and differential kinematic model (3) defined respectively by [16] : 2  3  3  3  23  13   23   2  2  3   2  2  2  2  12   13 
, and
length, position of gravity center and moment of inertia of the links of the 3DOF constrained manipulator.
B. The constrained trajectory
We impose to the constrained robot to follow the circular motion (see Fig 1) defined by: 
C. Simulation Results
Simulation results are conducted for the physical parameters given by Table 1 [16] . For sufficient conditions (9), the numerical parameters are chosen as:
For convenience of simulation, the perturbed parameters affecting the inertia matrix and the vector of centrifugal and Coriolis forces are given as:
and a noise signal is added to the measurements of velocities described by:
where random is a random signal whose elements are normally distributed with mean 0, variance 1, and standard deviation 1 and N is the number of points of the sequence. Figure 2 shows the evolution of the movement of the endeffector who try to draw a circular trajectory in horizontal plane. We can confirm that the desired trajectory was followed completely by the manipulator since target was more nearly circular. It can be observed that robust stiffness control law can reduce tracking errors while applying the control law (7) . Figure 3 shows the evolution of joint positions whereas Figure  4 shows the evolution of joint velocities. We can prove that positions track the final joint position and velocities are almost nulls despite the presence of uncertainty in the sensors measurement. Contact force and position errors are illustrated respectively in Figure 5 and Figure 6 . We can see that force is proportional to the position error in the two directions witch respect to the given relation and parameter [ ] 10 10 diag K e = . Figure 7 depicts the smooth profile of control laws. The stiffness controller could provide so a stable and robust contact control.
V. Conclusion
In this paper, robust stiffness control is proposed for constrained robotic systems. The robustness of the controller is proved under dynamic uncertainties. Lyapunov theory is used basing in relationship between the dynamics of the robotic system and its energy to prove the stability of constrained with uncertainties affect the inertia matrix and the vector of centrifugal and Coriolis forces. 
